ABSTRACT: Two studies, arranged according to a 4 × 4 Latin square design, were conducted to assess effects of dietary acidifi cation on fungal 3-phytase (PHY) effi cacy in growing pigs. In Exp. 1, effects of supplementing 500 units/kg feed of PHY and 4.7 g/kg HCOOH either alone or in combination on the use of P and Zn in growing pigs fed a pelleted diet based on wheat (Triticum aestivum), barley (Hordeum vulgare), and soybean (Glycine max) meal were investigated. In Exp. 2 the same dietary treatments were fed except that PHY supplementation was increased to 1000 units/kg.
INTRODUCTION
The use of organic acids in combination with fungal 3-phytase (PHY) may increase PHY effi cacy due to higher solubility of phytate and P and other minerals at lower intestinal pH and subsequently increase absorption (Kornegay, 2001) . This study evaluated effects of supplementing PHY and HCOOH (FA) either alone or combined on digestibility and retention of P and Zn in growing pigs fed a pelleted diet based on wheat, barley, and soybean meal.
MATERIALS AND METHODS

Animals and Diets
Animal care and experimental procedures were conducted in accordance with the German animal welfare law. The current study consisted of 2 experiments. For each experiment, 12 barrows (35 to 40 kg; Pietrain × dbNaima) were assigned to a triplicate 4 × 4 Latin square design. Pigs were housed individually in stainless steel metabolism crates in a temperature controlled room (22°C). Free access to water was provided by drinking nipples. Dietary treatments in Exp. 1 consisted of (i) a control diet based on wheat, barley, and soybean meal (CON) defi cient in P and Zn, (ii) CON supplemented with 4.7 g/kg FA (Amasil 85, BASF, Ludwigshafen, Germany) to reduce feed pH by 1 unit, (iii) CON supplemented with 500 units/kg PHY (Natuphos, BASF, Ludwigshafen, Germany), and (iv) CON supplemented with 4.7 g FA and 500 units/ kg of PHY (Table 1) . Dietary treatments in Exp. 2 were similar except that PHY supplementation was increased to 1000 units/kg. Pelleted diets were produced by Feed Manufacturing Research Diet Services BV (Wijk bij Duurstede, The Netherlands). Pigs were fed twice daily at 0630 and 1600 h. The feed allowance was 1.1 kg/d divided into 2 equal portions for each feeding time. Each test period lasted 10 d and consisted of a 5-d adaptation and a 5-d collection of urine and feces. Feces and urine were collected quantitatively twice daily after feeding and stored at -20°C. Urine was collected in bottles containing 20 mL H 2 SO 4 (20%, vol/vol) to keep pH below 4 to avoid NH 3 losses. After each balance period, total feces and urine were thawed and homogenized and 3 aliquots per animal were taken for subsequent analyses.
Laboratory Analytical Procedures
Feed and freeze-dried feces were ground in a mill (ZM 100, Retsch, Haan, Germany) through a 1-mm screen. Nutrient concentrations of diets (Table 2 ) and P and Zn in feces and urine were determined according to the methods of the Verband Deutscher Landwirtschaftlicher Untersuchungs-und Forschungsanstalten (Naumann and Bassler, 1997) .
Statistical Analyses
Data were analyzed using the GLM procedure of SAS, version 8.2 (SAS Inst. Inc., Cary, NC) for a 4 × 4 Latin square design using a 2-factorial arrangement of treatments. The model contained the effects of FA and PHY supplementation, the interaction FA × PHY, and period as fi xed effects. Least square means and SEM for each variable were calculated and signifi cant differences between least squares means (P < 0.05) were determined by the Tukey-Kramer test.
RESULTS
In Exp. 1 (Table 3) , supplementation of 500 units/kg of PHY increased (P < 0.05) P and Zn digestibility and retention whereas FA supplementation did not affect (P > 0.05) P use but reduced (P < 0.05) Zn use. A PHY × FA supplementation interaction (P < 0.05) for P digestibility and retention was observed (P < 0.05), indicating that the FA addition to the PHY-containing diet increased P retention and digestibility. Similar fi ndings were observed for Zn use. In Exp. 2 (Table 3) , FA supplementation did not affect (P > 0.05) P and Zn digestibility and retention whereas supplementation of PHY increased (P < 0.05) P and Zn digestibility and retention. There was a FA × PHY interaction (P < 0.05) indicating that FA did not affect P and Zn use when added to diets without PHY but increased use when FA was added to PHY diets.
DISCUSSION
The current study confi rmed previous results indicating that PHY supplementation to pig diets increases P availability in a dose-dependent manner and that the magnitude of the response per unit of PHY is much greater at lower than high PHY levels in the diet (Kornegay, 2001) . Zinc forms insoluble complexes with phytate that are resistant to digestion processes and not accessible for PHY, thereby decreasing Zn availability. Similar to previous studies, PHY supplementation increased use of Zn (Adeola et al., 1995; Gaudré et al., 2006) . This effect was more pronounced at the higher PHY supplementation (Exp.2). Organic acids are suspected to increase mineral absorption by lowering stomach pH, which may increase solubility of P and phytate, and possibly increase PHY activity and effi ciency (Jongbloed et al., 2000) . Previous results on organic acid and Zn use are contrary. For example, Kirchgessner and Roth (1980) found increased Zn retention when feeding 20 g/ kg fumaric acid whereas Pallauf (1993, 1994) observed reduced signs of paraketosis at supplementation levels of 15 g/kg citric acid but no improved Zn use. These results indicate that improved Zn balance may be due to the type of organic acid fed. However, a sound 3 One unit of phytase activity is defi ned as the quantity of enzyme liberated by 1 μmol inorganic P per min from 5.1 mM sodium phytate at pH 5.5 and 37°C.
explanation cannot be offered to explain the decrease in Zn use by FA supplementation in Exp. 1, especially as the control and FA supplemented diet in both experiments were identical. In present study, the FA supplementation to 500 and 1000 units/kg PHY-containing diets increased P retention compared to the control from 31 to 50% and from 50 to 63%, respectively. Zinc use followed a similar pattern. The fi ndings are similar to earlier studies on acidifi cation of PHY-supplemented diets (Jongbloed et al., 2000) . Effects of combining of PHY and FA on P use need further investigation so that a positive impact on sustainability of pig production can be established. Within a row, means without common superscript differ (P < 0.05).
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